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By Andrew Beke and J. I.. Allen
SUMMARY
. An axially symmetric spike-type nose inlet suitsble for a nacelle

power-plant installation was investigated in the Lewis 8- by 6-foot
supersonic tumnel at Mach nuwmbers of 1.6, 1.8, and 2.0 and at angles of
attack from O° to 9°. The inlet was designed to attain a mass-flow ratio
of unity at a flight Mach number of 2.0. Force and pressure-recovery
data were obtained for two subsonic diffuser area variations and are pre-

sented without detailed enalysis.

Both of the configurations sttained critical mass-flow ratios of
unity at maximum pressure recoveries from 0.84 to 0.85 at a flight Mach
number of 2.0. Stable subceritical operating ranges between mass-flow
ratios from 0.87 to 1.0 were obtalned at the design flight Mach number
for the model with a comparatively repid initiael rate of diffusion and
from 0.57 to 1.0 for the model with & constant-area section extending
2.8 inlet diameters aft of the entrance.

INTRODUCTION

Until relatively recently, most inlet investigations were concerned
with the measurement of pressure-recovery and mass-flow characteristics
at the inlet design flight Mach number; consequently, force data are less
ebundant. Therefore, as part of a general program to provide design data
on the force and pressure characteristics of supersonlc inlets, an axially
symmetric spike-type inlet suitsble for a nacelle power-plant installstion
hes been investigated in the NACA Lewis 8- by 6-foot supersonic tunnel.
The inlet was designed to attain a mass-flow ratio of unity at a flight
Mach number of 2.0.

Aerodynamic and pressure-recovery characteristics of the configura-
> tion with two subsonic diffuser area varistions at an angle of attack of
0° are presented for a range of mass-flow ratios at flight Mach numbers
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of 1.6, 1.8, and 2.0. Angle-of-attack data are presented for one of the
configuretions. The data are presented without detailed analysis.

SYMBOLS

The following symbols a.re used in thils report:

A area
A, externsl meximm cross-sectional area
Cp external-drag coefficient
i
°D = Gk,
%+ (pg-po) (Pp-Po)A §
TP4Ma “+(Py-Po) |y cos a(pp-Polhy cos a-TRoMy Ao
== — R ~Cpop
. External 1ift
CL,e external-1ift coeificient, .
Cym pitching-moment coefficient aebout base of model, & __
9ohn,t
c thr I-D
7-D ust-minus-drag coefficient, ——
D drag force
G pitching moment about base of model
L length of subsonic diffuger, 46.875 in.
A over-all length of model, 58.72 in.
M, Mach number . T
m mass flow
m_'4= mess-flow ratio, D288 flow through inlet
o poVoh
P total pressure
e static pressure .

hilaolRiaeRtras
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a dynsmic pressure, I%?E

T thrust, net force in flight direction determined by epplication
of momentum theorem to ailr passing through model

\'i velocity

X longitudinel station

a nominal angle of attack, deg

T ratio of specific heats for eair

p mass density of air

Subscripts:

b bese of strain gage balance

b 4 longitudinal station

o free stream

1 leading edge of cowl lip

4 diffuser discharge at constant diameter section, station 46.875

4,1 diffuser discharge at constant diameter section (sting out),

station 46.875

Pertinent aresas:

area at base of balance

externsl maximum cross-sectional area, 0.360 sq ft

inlet capture ares defined by cowl lip (measured), 0.155 sq £t
flow area at diffuser discharge, 0.289 sq ft

flow erea at diffuser discharge (sting out), 0.338 sq ft
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APPARATUS AND PROCEDURE

A schematic diagram of the naecelle-type model investigated is shown
“in figure 1. The configuration consisted of an external-compression
single-conical shock inlet and an annular subsonic diffuser. Tip pro-
Jection of the 25°-half-angle cone was selected to produce a conical
shock tangent to the cowl lip at a flight Mach number of 2.0. The slope
of the cowl lip was nearly alined with the local flow behind the coblique
shock. Coordinates of the cowl and centerbody are presented in table I.
The two plates attached to the internal side of the outer body, shown in
section A-A of figure 1, were used to cover access openings.

The configuration was investlgated with two subsonic diffusers which
hed similer area variastions downstreem of station 22.4. The diffusers
corresponding to the dashed and solid curves, as indicated in figure 2,
are hereinasfter designated as inlets A and B, respectively. The longi-
tudinel area varistion shown in figure 2 is the ratio of the local flow
ares, based on the average normsl to the amnulus surfaces, and the mex-
imm ecross-sectional area at the diffuser discharge, station 46.875.
Changing the area variation from inlet A to inlet B (see fig. 2) was
sccomplished by casting metal to the removable splke portion and by add-
ing presheped segments to the centerbody between the spike Jjunction and
station 22.4. All junctions or cracks were filled and the resulting
centerbody was finished to a smooth surface similar to the original

centerbody.

The model was sting mounted from the tunnel strut. Forces were
meesured by a three-component strein-gage balance located inside the
centerbody. The pressure acting on the base of the balance was meas-
ured by mesns of a static tube. A static calibration of model and sting
deflections was used in conjunction with balance normal and moment read-
ings to determine the model angle of attack. Since the balance normal
and axial links were very sensitive to inlet instability, time-force
histories were used to define the onset of inlet pulsing. Visual and
high-speed motion-picture schlleren observatlons were alsc made.

Mass flows are expressed as the ratio of the mass flow through the
model to that of a free-stream tube defined by the capture ares of the
cowling. Mass flow through the inlet was computed for choking at the
geometric minimm sres of the control plug normal to the outer body and
with the use of an average static pressure measured at the plane of
survey (station 36.7). The meximum deviation among the eight static-
pressure tubes (arranged'in 8ix equally spaced radial segments and at
various radisl distances) was less than 1 percent. Mach numbers were
determined by applying the isentropic one-dimensional asrea-ratio rela-
tion between the plene of survey and the sonic discharge. Total-pressure
recoveries were computed from the average static pressure and the Mach
numbers. No correction factors have been epplied to the data.
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Results of a static or bench test indicated that the mass flows as
computed herein were within about one percent of those obtained with a
calibrated venturi and that the averasge pressure recoverles varied less
than one percent from those obtained with a slotted averaging total-
pressure rake. Similar accuracies are estimated for the data obtained
at angles of attack other than O°.

The performance data of the inlets were referred to the maximum
constant-area section of the diffuser (station 46.875) from the plene
of survey with the flow ares (at station 46.875) increased by an amount
equivalent to the cross-sectional area of the support sting and by
epplying isentropic one-dimensional flow relstion. This procedure
accounts for the thrust developed between the plane of survey and the
diffuser discharge (neglecting small total-pressure losses). The
diffuser-discharge Mach numbers based on the area A4,l correspond to

the measured thrust-minus-drag coefficients Inasmuch as the force acting
on the base (and measured by} of the strain-gage balance is, within about
1 percent, equal to that obtained by diffusing isentropically from area
Aé to A4,l.

The Reynolds number, based on the inlet diameter, was approximately
6
2.2X10°.

RESULTS AND DISCUSSION
Performance of Inlet A

The varistion of total-pressure recovery, diffuser-discharge Mach
number, thrust-minus-drag coefficient, and external-drag coefficient with
mass-flow ratio are presented in figure 3 for flight Mach numbers of 2.0,
1.8, and 1.6 at a nominal angle of attack of zero. The actual angle of
attack varied from 0.4° at f£light Mach numbers of 2.0 and 1.8 to 0.6° at
a flight Mach number of 1.6; however, all daste have been reduced for
nominal angles of attack.

The thrust-minus-drag coefficlients were obtained from the strein-
gage balance resdings and correspond to the net force on the model in the
flight direction (sting removed) or to the net propulsive thrust coeffi-
cient of & ram-jet engine developed by heat addition without losses with
2 straight-pipe exit. The external drag was cbtained by subiracting the
measured thrust-minus-drag from the computed thrust (see SYMBOLS).

At the design Mach number of 2.0 and an angle of attack of zero, a
eriticael mass-flow ratio of unity was attained with & meximvum total-
pressure recovery of about 0.85 (fig. 3(a)); the external-drag coeffic-
ient for these conditions was sbout 0.095 (fig. 3(b)). The attairment
of a mass-flow ratio of unity was also ascerteined by mesns of schlileren
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photographs. Inesmuch as the amplitude of the axial force pulsation
increased slowly with decreassing mess-flow ratio, determination of the
onset of inlet instebility was difficult. Data at a mass-flow ratio
of 0.87 indicated a moderate pulsing amplitude compared with severe

pulsing between mess-flow ratios of 0.83 to 0.71. The staeble subcritical

operating range of the inlet is therefore between mass-flow ratios of 1.0
and 0.87.

Angle-of-attack characteristics of inlet A are not presented since
these data were found to be similear in trend and magnitude to those of
inlet B. ’ '

Performance of Inlet B

The force and pressure-recovery performance obtained with inlet B
is presented as a function of mass-flow ratio for flight Mach numbers of
2.0, 1.8, and 1.6 in figure 4 for & nominel angle of atfack of zerc and
in figure 5 for a nomingl angle of atteck of 6°. Data for nominal angles
of attack of 3° and 9° at a flight Mach number of 2.0 are also presented
(fig. 6). At a nominal angle of attack of zero at a flight Mach number
of 2.0, the actual angle of attack was about 0.4° and at flight Mach num-
bers of 1.8 and 1.6 the angle of attack was asbout 0.7°. The external-lift
snd pitching-moment coefficients for all flight Mach numbers and angles
of attack investigated are presented in figure 7. The externsl-lift and
the pitching-moment coefficients include the additive components due to
maess-flow spillage. The pitching-moment coeffilcients are referred to the
base of the model and assume that the turning of the captured mass flow
occurred at the cowl lip. : '

At the design conditions, & critical mass-flow ratio of unity was
also obtained with inlet B (see fig. 4(a)); however, the maximum pressure
recovery for critical mess flow was reduced slightly to sbout 0.84 as com-
pared with 0.85 obtained with inlet A. This is probebly a result of the
higher Mach numbers existing over a greater length of the diffuser as a
consequence of the constant-ares section. The minimum external-drag
coefficient for inlet B was the same as for inlet A within the accuracy
of measurement. The stable suberitical operating range for inlet B _
between mass-flow ratios of 1.00 and 0.57 at a flight Mach number of 2.0
and a nominal angle of attack of zero is substantielly larger than that
of inlet A. At mass-flow ratios less than 0.57, the transition of the
axisl-force amplitude into & region of severe oscillation occurred over
a small range of mass-flow ratios as compared with inlet A. The rela-
tively constant-ares section aft of the inlet entrance msy have stabll-
ized disturbances such as those generated by shock boundary-layer inter-
action or by the intersection of the conical and normsl shocks (such as
the vortex sheet mentloned in reference 1). However, the reason for the
inerease in the stable suberitical operating renge is not hereby defin-
itely ascertsined from this singular result. Furthermore, the following
minor differences in the two models restrict the generality of the pre-
ceding result:
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(a) The small knob or shoulder formed by the intersection of the
cone snd centerbody was reduced for inlet B (see table I). This moved
the extremity of the conical portion of the centerbody from a station
slightly inside the cowl (0.1 in.) to a station slightly outside the
cowl (-0.2 in.).

(b) The exactness of surface finish could not be duplicated for the
centerbody of inlet B.

SUMMARY OF RESULTS

The following results were obtained from an investigation of the
force and pressure-recovery characteristics of a conical-type nose inlet.

Both of the models investigated attained critical mass-flow ratios
of unlty at total-pressure recoveries between 0.84 and 0.85 at a flight
Mach number of 2.0 and an angle of attack of zero. The model which had
a8 practically constant-area section extending 2.8 inlet diameters aft
of the entrance had a stable subcritical range for mass-fiow ratios
from unity to 0.57 compared with a range between.unity and 0.87 for the
model with a more repid initial rate of diffusion.

Iewis Flight Propulsion Leboratory
National Advisory Committee for Aeronsutics
Cleveland, Ohio
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